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Disposition of Claims 

4) 13 Claim(s) 1 and 3-60 is/are pending in the application. 
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DETAILED ACTION 
aaim Rejections - 35 USC§112 

1. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and usmg it. in such full, clear, concise, and exact tenns as to enable any person skilled in the art to which it 
pertams, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

2. Claims 1 and 3-60 are rejected under 35 U.S.C. 1 12, first paragraph, as containing subject 
matter which was not described in the specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor(s), at the time the application was filed, had 
possession of the claimed invention. Claim 1 recites, "after said cooling, heating said p-type 
layer to a third temperature greater than the second temperature and less than 625°C, in lines 14- 
15. The instant specification teaches post growth cooling and annealing at less than 625°C in Fig 
3; however there is no positive recitation that heating to a higher third temperature occurs. 

3. Claims 4 and 34 are rejected under 35 U.S.C. 1 12, first paragraph, as based on a disclosure, 
which is not enabling. The instant specification teaches forming an n-type semiconductor layer 
cap and removing the cap layer prior to annealing the p-type layer, the step of removing the cap 
layer is critical or essential to the practice of the invention, but not included in the claim(s) is not 
enabled by the disclosure. See In re Mayhew, 527 F.2d 1229, 188 USPQ 356 (CCPA 1976). The 
step of removing the cap layer is essential because annealing with a cap layer present would not 
produce the desired affect of hydrogen fi-om the p-type layer because hydrogen can not diffuse 
through the layer. 
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Claim Rejections - 35 USC §103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this OflTice action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

5. Claims 1, 3-5, 12-30, 3 1-35 and 42-60 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bour et al. (US 5,926,726) in view of Koike et al. (US 5,81 1,3 19) and 
Fumkawa et al (US 6,017,807). 

Bour et al. teaches a carrier gas of H2 is introduced with reaction gases NH3 and TMGa 
and impurity gas Cp2Mg to a reactor to form a p-type GaN layer at a temperature of 900°C (col 

6. 20-26) After formation of the p-type nitride layer the reactant gases are switched out of the 
reactor and a gas which prevents the decomposition of the III-V layer at such high growth 
temperatures, NH3 is added (col 5, In 60-65 and col 6, In 3 1 -3 5). Bour et al also teaches a reactor 
is cooled down to a temperature where surface decomposition of as-grown p-type GaN layer will 
not fiirther occur, where upon attainment of the this temperature, the preventer gas, NH3, is 
switched out of the reactor and the remaining cool down occurs in molecular N and acceptor 
activation is preformed either as the reactor is further cooled or maintained at a temperature of 
600X for 20-40 minutes and during the cool down of the reactor a flow of molecular N, N2, is 
maintained in the reactor, (col 6, In 40-65). Bour et al also teaches the anneal process is a quasi- 
in-situ anneal, where the reactor is brought to room temperature prior to annealing (col 2, In 32- 
45) and that ex-situ post-growth anneals have become a common procedure for laser diode 
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processing (col 2, In 60-64). Bour et al also teaches acceptor activation is the process of atomic 
H weakly bonded to Mg or Zn dopant atoms are broken by thermal annealing over a period of 
time (col 6, 7-15) Bour et al also teaches a device which comprises a sapphire substrate upon 
which is grov^ a n-type GaN, doped with Si followed by the growth of an active region and is 
followed by a p-type GaN layer doped with Mg followed by the growth of a cap layer 
comprising n-type GaN doped with Si (col 8, In 46-55) Bour et al also teaches that after growth 
is complete and the reactor cooldown has been accomplished, the n-type cap layer may be 
removed by etching and the device processed into an operable laser, this reads on applicant's 
limitation of forming a light emitting diode. Bour et al also discloses the switchout of the NH3 
gas is possible at temperatures as high as the lower end of the growth temperature range for GaN 
that is around 900''C and maybe higher, with an ambient of N2 provided in the reactor, activation 
may be accomplished in a short period of time (col 7, In 15-40). Bour et al also teaches after the 
growth of p-type GaN, all reaction gases are switched out of the reactor including NH3 and 
immediately after growth dimethylhydrazine is pumped into the reactor and the activation 
process can be carried out during the cooldown of the reactor, this reads on applicant's 
substantially preventing hydrogen passivation during the entire cooldown process (col 7, In 55- 
67 and col 8, In 1-30). 

Bour et al does not teach the causing of the acceptor doped layer to a p-type layer have a 
conductivity and a hole density between 3x10*^ cm"^ and 1x10^^ cm"^ after said cool down 
process. 

In a method of growing p-type gallium nitride, Koike et al. teaches three p-layers of Mg- 
doped AlxiGai-xiN forms a p-layer (61) which acts as a clad layer having a hole concentrations of 



Application/Control Number: 09/846,980 ^ Page 5 

Art Unit: 1765 

5 X 10"/cm^ 5 X lO'^/cm^ and 2 x lO'Vcm' and an Mg concentrations of 1 x 10^°/c^l^ 1 x 

10 /cm and 2x10 /cm , respectively (col 3, 50-65). Koike also teaches electron rays were 
uniformly irradiated into the p-layer using a reflective electron beam, where this irradiation 
changed the p-layer into a p-type conductive semiconductor with a hole concentration of 5 x 
10^^/cm^ 5 X lO^Vcm^ and 2 x 10^^/cm^ and a resistivity of 0.5 ohm-cm, 0.8 ohm-cm and 1.5 
ohm-cm, respectively (col 5, In 14-26). Koike et al also teaches forming metal electrode, such as 
nickel or aluminum, are formed on semiconductor devices utilizing GaN group compounds such 
as AlGaInN after the semiconductor surface is cleaned by wet chemical etching, utilizing a wet 
chemical etchant such as buffered hydrogen fluoride (col 1, In 15-30). 

It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify Bour with Koike's electron beam irradiation because it would have 
produced p-type conductive semiconductors with low resistivities. 

Bour et al also does not teach heating said p-type layer to a third temperature greater than 
the second temperature and less than 625^C. 

In a method of forming a P-type GaN compound, note entire reference, Furukawa et al 
teaches after a p-type gallium nitride compound semiconductor layers formed by chemical vapor 
deposition, the p-type gallium nitride layers are thermally annealed at more than 400°C and the 
p-type impurity can be more effectively activated so that p-type gallium nitride compound 
semiconductor layers which have fewer crystal defects and lower resistivity can be formed 
(abstract, col 4, In 5-67 and col 6, In 35-60). It would have been obvious to a person of ordinary 
skill in the art at the time of the invention to modify Bour et al with Furukawa et al annealing at a 
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temperature greater than 400^C to form a semiconductor layer which has fewer defects and lower 
resistivity. 

Referring to claim 1 and 3 1, the combination of Bour et al, Koike et al and Furukawa et 
al teaches the switchout of NH3 is possible at temperatures as high as the lower end of the growth 
temperature range for GaN and maybe higher with an ambient of N2, this reads on applicant's 
limitation of preventing additional hydrogen from diffusing into the acceptor doped layer 
substantially throughout the entire cool down process. 

Referring to claim 3 and 33, the combination of Bour et al, Koike et al and Furukawa et 
al teaches a step (32) where reactant gases are switched out of the reactor and a flow of N2 is 
maintained during the cooldown of the reactor. This reads on applicant's limitation of preventing 
additional hydrogen from diffusing into said acceptor-doped layer during said cooling process. 
Also this reads on applicant's limitation of removing hydrogen from said chamber during cool- 
down process and preventing hydrogen from entering. 

Referring to claim 4 and 34, the combination of Bour et al, Koike et al and Furukawa et 
al teach a cap layer comprising n-type GaN doped with Si, this reads on applicant's limitation of 
preventing additional hydrogen from diffusing into said acceptor-layer comprising form a n-type 
semiconductor layer over said acceptor-doped layer prior to said cool-down process. 

Referring to claim 5 and 35, the combination of Bour et al, Koike et al and Furukawa et 
al teach electron beam irradiation of said p-type layer to produce conductive semiconductors 
with low resistivities with hole densities of greater than 1 x lO^Vcm^. This reads on applicant's 
limitation of treating a surface of said acceptor-doped layer to increase hole density to be greater 
than 3 x 10^^ cm'^ 
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Referring to claim 13 and 43, the combination of Bour et al, Koike et al and Furukawa et 
al teaches electron rays were uniformly irradiated into the p-layer using a reflective electron 
beam, this reads on applicant's limitation of exposing said surface to electromagnetic radiation. 

Referring to claim 14 and 44, the combination of Bour et al, Koike et al and Furukawa et 
al does not teach growing an acceptor doped layer results in acceptor impurities in said acceptor- 
doped layer having greater than 90% passivation prior to said cool down process. It would have 
been obvious to a person of ordinary skill in the art at the time of the invention to modify the 
combination of the combination of Bour et al, Koike et al and Furukawa et al by attempting to 
optimize same by routine experimentation. 

Referring to claim 15-16 and 45-46, the combination of Bour et al, Koike et al and 
Furukawa et al teach three p-layers of Mg-doped AlxiGai-xiN p-layer (61) which acts as a clad 
layer having a hole concentrations of 5 x 10 /cm ,5x10 /cm and 2x10 /cm and an Mg 
concentrations of 1 x 10 /cm ,1x10 /cm and 2x10 /cm . This reads on applicant's 
limitation of a hole density greater than 3x10^^ cm"^ and having a density of acceptor impurities 
greater than 5 x 10^^ cm'^. 

Referring to claim 18 and 48, the combination of Bour et al, Koike et al and Furukawa et 
al does not teach the annealing is carried out at a temperature below 400°C. It would have been 
obvious to a person of ordinary skill in the art at the time of the invention to modify the 
combination of Bour and Koike by attempting to optimize same by routine experimentation. 

Referring to claim 19 and 49, the combination of Bour et al, Koike et al and Furukawa et 
al teach all of the limitations of claim 19, except an ex-situ anneal. The combination of Bour and 
Koike teach ex-situ post-growth anneals have become a common procedure for laser diode 
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processing. It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to perform the annealing process ex-situ because it allow the reaction chamber to be 
used to for the growth of more p-type GaN. 

Referring to claim 20 and 50, the combination of Bour et al, Koike et al and Furukawa et 
al teach the anneal process is a quasi-in-situ anneal where the reactor is brought to room 
temperature prior to annealing, this reads on applicant's Umitation of annealing is carried out 
after said cool-down process prior to any further processing of said p-type layer. 

Referring to claim 21 and 51, the combination of Bour et al, Koike et al and Furukawa et 
al teach a device (40) processed into an operable laser, this reads on applicant's limitation of 
forming a light emitting diode. 

Referring to claim 22 and 52, the combination of Bour et al, Koike et al and Furukawa et 
al teach a sapphire substrate upon which is grown a n-type GaN, doped with Si followed by the 
growth of an active region and is followed by a p-type GaN layer doped with Mg. 

Referring to claim 23 and 53, the combination of Bour et al, Koike et al and Furukawa et 
al teaches three p-layers of Mg-doped AlxiGai-xiN forms a p-layer (61), 



6. Claims 6, 9, 11, 36, 39 and 41 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bour et al. (US 5,926,726) in view of Koike et al. (US 5,81 1,319) and Furukawa et al (US 
6,017,807) as appHed to claim 1, 3-5, 12-30, 31-35 and 42-60 above, and further in view of 
Takatani (US 6,100,174). 

The combination of Bour et al, Furukawa et al and Koike et al teach all of the limitations 
of claim 6, except chemically etching said surface. 
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In a method of producing GaN group compound semiconductors, Takatani teaches a p- 
GaN layer epitaxially grown on a sapphire substrate, with about 10^^ cm"^ of Mg added thereto 
for providing a carrier density of about 1.5x10^^ cm"^, where carrier density reads on appUcant's 
term of hole density. Takatani also teaches subjecting the surface of the p-GaN layer to 
ultrasonic cleaning in acetone and ethanol, thereby removing the oil present thereon and then 
immersing in an etchant containing HCl and deionized water for about 3 minutes, thereby 
removing the adsorbed oxide and then the substrate is immersed in an etchant containing HF and 
deionized water for about 3 minutes thereby removing impurities adhering to the surface, this 
reads on applicant's limitation of chemically etching. It would have been obvious to a person of 
ordinary skill in the art at the time of the invention to modify the invention taught by the 
combination of Bour, Furukawa et al and Koike with Takatani's etching because it would have 
removed impurities and adsorbed oxygen from the substrate. 

Referring to claim 9 and 39, Takatani teaches immersing a p-GaN substrate in an etchant 
containing HCl and deionized water for about 3 minutes, thereby removing the adsorbed oxide 
and then the substrate is immersed in an etchant containing HF and deionized water for about 3 
minutes thereby removing impurities adhering to the surface. This reads on applicant's limitation 
of chemically cleaning said surface. 

Referring to claim 1 1 and 41, the combination of Bour et al, Furukawa et al and Koike et 
al teaches all of the limitations of claim 11, except ultrasonically cleaning said surface. It would 
have been obvious to a person of ordinary skill in the art at the time of the invention to modify 
the invention taught by the combination of Bour et al, Furukawa et al and Koike et al with 
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Takatani's ultrasonic cleaning because it would have removed the oil present on the surface of 
the substrate, which is detrimental to the surface. 

7. Claim 10 and 50 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bour et al. 
(US 5,926,726) in view of Koike et al. (US 5,81 1,319), Furukawa et al (US 6,017,807) and 
Takatani (US 6,100,174) as applied to claims 6, 9, 11, 36, 39 and 41 above, and further in view 
of Peng et al. (US 5,895,223). 

The combination of Bour et al, Koike et al, Furukawa et al and Takatani teach all of the 
limitations of claim 10, expect the cleaning of said surface comprises cleaning in a solution of 
KOH, NaOH or NH4OH 

In a method of etching nitride, Peng et al teaches dipping a nitride chip in an electrolysis 
liquid and emitting a UV light with a wavelength of 254 nm to illuminate the nitride chip (col 3, 
In 40-46), where the electrolysis liquid can be one of KOH as the nitride chip is GaN. It would 
have been obvious to a person of ordinary skill in the art at the time of the invention to modify 
the combination of Bour et al, Koike et al, Furukawa et al and Takatani with Peng's because the 
etching method of Peng offers a finer roughness for an etching surface (col 4, In 20-24). 



8. Claim 13 and 43 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bour et al. 
(US 5,926,726) in view of Koike et al. (US 5,81 1,319) and Furukawa et al (US 6,017,807) as 
applied to claims 1, 3-5, 12-30, 31-35 and 42-60 above, and further in view of Peng et al, (US 
5,895,223). 
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The combination of Bour et al, Furukawa et al and Koike et al teach all of the limitations 
of claim 13, expect exposing said surface to electromagnetic radiation. 

In a method of etching nitride, Peng et al teaches dipping a nitride chip in an electrolysis 
liquid and emitting a UV light with a wavelength of 254 nm to illuminate the nitride chip (col 3, 
In 40-46), this reads on applicant's Hmitation of exposing to electromagnetic radiation, where the 
electrolysis liquid can be one of KOH as the nitride chip is GaN. It would have been obvious to a 
person of ordinary skill in the art at the time of the invention to modify the combination of Bour 
et al, Koike et al and Furukawa et al with Peng's because the UV light would illuminate the 
nitride chip. 



9. Claim 7-8 and 37-38 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bour et 
al. (US 5,926,726) in view of Koike et al. (US 5,811,319) and Furukawa et al (US 6,017,807) as 
applied to claims 1, 3-5, 12-30, 31-35 and 42-60 above, and further in view of Nitta et al (US 
5,789,265). 

The combination of Bour et al, Furukawa et al and Koike et al teach all of the limitations 
of claim 7, expect plasma etching said surface. 

In a method of manufacturing a blue light emitting diode, Nitta et al. teaches a dry 
etching method for GaN based semiconductor compounds can be achieved by the plasma etching 
using BCI3 and CI2, where said GaN based semiconductor comprises p-type InxGai-xN (col 4, In 
41-55). It would have been obvious to a person of ordinary skill in the art at the time of the 
invention to modify the combination of Bour et al, Furukawa et al and Koike et al with Nitta et al 
because etching rate can be increased and produaivity enhanced. 



[umoe 
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Referring to claim 8, Nitta et al. teaches a dry etching method for GaN based 
semiconductor compounds, this reads on applicant's limitation of plasma cleaning said surface. 

Response to Arguments 

10. Applicant's arguments with respect to claims 1 and 3-60 have been considered but are moot 
in view of the new ground(s) of rejection. 

Conclusion 

11. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Matthew J Song whose telephone number is 703-305-4953. The examiner 
can normally be reached on M-F 9:00-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Benjamin L Utech can be reached on 703-308-3868. The fax phone numbers for the 
organization where this application or proceeding is assigned are 703-872-93 10 for regular 
communications and 703-872-931 1 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is 703-308-0661 . 



Matthew J Song 
Examiner 
Art Unit 1765 

MJS 

February 19, 2003 

.^^^^ ^ 
BENJAMIN L. UTECH 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 1700 



